Abstract A well-known complication in patients with ankylosing spondylitis (AS) is the development of localised vertebral or discovertebral lesions of the spine, which was first described by Andersson in 1937. Since then, many different terms are used in literature to refer to these localised lesions of the spine, including the eponym 'Andersson lesion' (AL). The use of different terms reflects an ongoing debate on the exact aetiology of the AL. In the current study, we performed an extensive review of the literature in order to align communication on aetiology, diagnosis and management between treating physicians. AL may result from inflammation or (stress-) fractures of the complete ankylosed spine. There is no evidence for an infectious origin. Regardless of the exact aetiology, a final common pathway exists, in which mechanical stresses prevent the lesion from fusion and provoke the development of pseudarthrosis. The diagnosis of AL is established on conventional radiography, but computed tomography and magnetic resonance imaging both provide additional information. There is no indication for a diagnostic biopsy. Surgical instrumentation and fusion is considered the principle management in symptomatic AL that fails to resolve from a conservative treatment. We advise to use the term Andersson lesion for these spinal lesions in patients with AS.
Introduction
Ankylosing spondylitis (AS) is a chronic inflammatory disease that primarily affects the spine and sacroiliac joints, causing pain, stiffness and a progressive thoracolumbar kyphotic deformity [1] . In the late state of the disease, the spine demonstrates progressive ossification of the annulus fibrosis, anterior longitudinal ligament, apophyseal joints, interspinous and flaval ligaments ligament resulting in a complete ankylosed spine, often referred to as a 'bamboo spine' [2] . A well-known complication in these patients is the development of a localised vertebral or discovertebral lesions of the spine, which was first described by Andersson in 1937 [3] . The exact prevalence of discovertebral lesions complicating AS in literature is unknown, but reported prevalences range from 1.5% to over 28% [4] [5] [6] [7] [8] [9] [10] [11] . This large variation may be explained by the lack of proper diagnostic criteria and the differences in the extent of spinal survey undertaken. Since the study of Andersson, many different terms have been used to refer to these localised lesions of the spine, including the eponym 'Andersson lesion' (AL), 'discovertebral lesion', 'vertebral lesion', 'destructive vertebral lesion', 'spondylodiscitis', 'discitis', 'diskitis', 'sterile diskitis', 'pseudarthrosis' or '(stress-) fracture' [4, 5, 7, 10, [12] [13] [14] [15] [16] [17] [18] [19] [20] . The use of so many different terms to describe ALs in patients with AS reflects an ongoing debate on the exact aetiology of these spinal lesions. There also seems to be a discrepancy in the terminology used by the specialists treating patients with AS, most often rheumatologists and orthopaedic surgeons. The aim of this study was to perform an extensive review of the literature of these lesions, in an effort to align communication on aetiology, diagnosis and management between treating physicians.
Literature search methods
A comprehensive search was performed for all scientific literature, written in English and published between 1966 and July 2008 referenced on Medline, concerning discovertebral lesions in AS. The following search string was used: ((ankylosing spondylitis OR spondylitis ankylopoietica OR bechterew OR Marie Strumpell disease OR Marie Struempell disease OR Spondyloarthritis OR bamboo spine) AND (Andersson Lesion OR discovertebral lesion OR vertebral lesion OR destructive lesion OR spondylodiscitis OR discitis OR diskitis OR vertebral osteomyelitis OR pseudarthrosis OR fracture)) AND ((Humans [Mesh] ) AND (English[lang])). The articles were subsequently screened for opinions on aetiology, diagnosis and management. There are no randomised controlled trials available studying patients with ALs. In the current review, we use the term AL to refer to a localised vertebral or discovertebral lesion complicating AS.
Discussion

Aetiology
Since the first report by Andersson [3] , several aetiologies for the development of ALs in patients with AS have been postulated, including infection, inflammation, trauma and mechanical stress. Because of the radiographic resemblance with osteomyelitis and spondylodiscitis, an infectious origin has been suggested by some authors, but this has never gained much popularity in literature [11, 21] . Up to now, only two case reports have been reported that might support an infectious aetiology of the AL [18, 22] . Lohr et al. described a patient with AS, with a history of intravenous drugs abuse, with a T11-T12 spondylodiscitis and a positive culture of Staphylococcus aureus in the pleural fluid, urine and one of eight blood cultures [18] . The patient was treated by antibiotics, and 6 days later, he underwent a right thoracotomy. Unfortunately, no histology and cultures of the lesion were described after surgery. Nikolaisen et al. described a case with an active inflammatory histological appearance; however, they did not achieve positive cultures by biopsy [22] . Subsequently, biopsies have been performed in patients with an AL in many studies, but positive cultures have never been found and tuberculosis was never detected [4, 6, 10, 15, 21, 22] . Furthermore, sedimentation rates in AS patients are often elevated and usually do not further increase when an ALs develops [4] .
In Table 1 , the clinical studies, including at least six patients with AL from the past three decades, are summarised. This table demonstrates that most studies either refer to a traumatic/mechanical (pseudarthrosis) or inflammatory (spondylodiscitis) aetiology when describing ALs. Some differences between the studies can be noted; firstly, studies performed by rheumatologists generally refer to spondylodiscitis, whereas orthopaedic surgeons or radiologists always refer to pseudarthrosis. Secondly, when AL is described as spondylodiscitis, there are multiple lesions in most patients, and these lesions are always (trans) discal. Thirdly, when AL is described as pseudarthrosis, usually, a single lesion is observed. The lesion can be transdiscal or transvertebral and is usually accompanied by fractures or non-fusion of the posterior elements. These differences suggest that the ALs that have been studied by the authors might represent a heterogeneous group of lesions. In 1972, Cawley et al. was the first to divide ALs in two different groups: localised lesions and extensive lesions. Localised lesions occurred early in the course of AS, supporting an inflammatory mechanism. These lesions were further subdivided according to their exact location: the discal surface of the vertebral rim or the cartilaginous part of the vertebral endplate. Extensive lesions involved both locations and were exclusively seen in patients with an ankylosed spine [4] . Based on radiological features a division in five categories has also been proposed: pseudodystrophic, pseudotuberculous, extensive erosions, bone condensation and isolated narrowing of the intervertebral spaces [7] . The first two categories and early erosions should result from an inflammatory process and the remainder and late erosions from mechanical factors. However, none of these theories have become generally accepted.
Inflammation
AS is characterised by spinal inflammation, and it is therefore not surprising that many authors have focussed on an inflammatory aetiology of ALs. Romanus was the first to describe 'anterior spondylitis', which comprised marginal erosions of the anterior vertebral corners related to inflammation of the anterior annulus fibrosus in patients with AS [23] . The erosion becomes enclosed by a rim of sclerosis and further healing results in the formation of syndesmophytes, finally resulting in a complete ankylosed spinal segment. It has been postulated that AL might be exceptional extensions of this inflammatory process [4, 13, 23, 24] . Marsh even documented a symptomatic Romanus lesion rontgenologically, which progressed to a complete destructive lesion within 2 years [25] . However, many authors disagree since the Romanus lesion is an enthesitis limited to the junction of the anterior longitudinal ligament and annulus fibrosus [16, 26] . Furthermore, Romanus lesions usually affect multiple levels and ALs often involves only a single level, indicating that at least additional factors should be involved [7] . The localised lesions in the vertebral rim described by Cawley et al. [5] seem to include Romanus lesions, and this might also be the case in other studies. A different theory, for the lesions that mainly involve the vertebral endplates of the intervertebral disc, is the herniation of nucleus material through the endplates [27] . This process could be stimulated by vertebral osteoporosis, which is a well-known feature early in the course of AS. Moreover, apophysal joint disease could attribute to the herniation process by increasing forces across the discovertebral junction and stimulating breaks in the endplates and subchondral bone [27] . The nucleus pulposus is an avascularised tissue, and contact with the vascularised subchondral bone is suspected to provoke a serious inflammatory response [28] . However, there is no evidence thus far to support this hypothesis. A theory that has become more widely accepted combines the inflammatory process with its mechanical effects on the spine. During the course of the disease, the extent of spinal inflammation and spinal fusion is not equally distributed over all vertebral or discovertebral segments. Local areas with increased spinal inflammation and decreased spinal fusion permit an excessive degree of mobility, resulting in a local non-union of the ankylosed spine [10, 17] .
ALs show variable results on histological examination (Table 2 ) [15] . Generally, aspecific reactive changes are found with the intervertebral disc being replaced by hypovascular fibrous tissue. The endplates show irregular destruction, extending into the subchondral bone. Fragments of necrotic bone and cartilage are often found across the vertebral border. Mild inflammatory changes may also be present, with infiltration of plasma cells, lymphocytes or, less often, macrophages. Although this infiltration could be a secondary feature, Nikolaisen et al. revealed infiltration with plasma cells (IgA+) and lymphocytes (CD3+) in specimens taken in the early course [22] . Later biopsies in the same patients only showed reactive changes with bone formation. According to the authors, these findings support a primary inflammatory origin for ALs [22] . Further histological evidence favouring an inflammatory origin is sparse, but several hypotheses have been postulated. Additional factors favouring an inflammatory origin of ALs include the occurrence of lesions early in the stage of AS, before the spine has become completely ankylosed, and the occurrence of multiple lesions within a patient, of asymptomatic lesions and absence of a history of trauma in many patients.
Trauma
In many patients, the AL develops after trauma and is associated with a fracture of the spine. The ankylosed and osteoporotic spine in AS patients is prone for fracturing due to loss of spinal mobility [29] [30] [31] [32] [33] [34] . The bone mineral density in AS patients is often decreased, and approximately half of 
the patient population can be classified as osteoporotic. This is especially the case in the older patients or patients with long-standing disease. The fractures may occur after a direct trauma or due to chronic mechanical stress. Acute fractures in AS are most commonly observed near the thoracolumbar junction [35] . Especially, in a long ankylosed thoracolumbar kyphothic spinal column, local stresses near the thoracolumbar junction are increased dramatically. Fracturing of the ankylosed spine in AS results in a fracture of both the anterior and posterior part of the vertebral column and may pass through the vertebrae (transvertebral) or more commonly through the calcified disc region (transdiscal) [36] . A transvertebral spinal fracture leads to spinal instability, comparable to a flexion distraction fracture or Chance fracture of the vertebral body and the fused posterior facet joints [10, 35, 37] . Traumatic fractures of the cervical spine, however, are also common in patients with AS, but the development of an AL is less frequently observed at this location [30, 38] . An explanation could be the less severe mechanical loading in the cervical spine compared to the lower spine.
Repeated stress itself may also lead to a fracture of the ankylosed spine, comparable with a stress fracture in long bones [9, 10, 39] . Beside the thoracolumbar junctions, areas that suffer from increased stresses are the levels proximal to the lumbosacral junction, where conditions like disc degeneration and sponylolisthesis occur in the non-rigid spine. Stress fractures may also occur initially in the posterior column prior to the appearance of an anterior discovertebral lesion [10] . The thoracolumbar and lumbar spine have disc spaces most susceptible to shearing or distraction under the effect of gravity in the kyphotic spine.
Bone is more susceptible to distraction than to compressive forces. Especially during hyperflexion loads, the posterior elements experience large tension forces and may fail initially [35] . A relation between the occurrence of ALs and heavy manual labour has been reported [5, 7] . In addition, cases have been described of patients who developed a symptomatic AL after improvement of their mobility due to anti-inflammatory treatment or total hip arthroplasty [40, 41] .
In the complete ankylosed spine, a (stress-) fracture will be the only moving segment between the long lever arms. This is similar to the 'last mobile segment' principle as described earlier and is therefore sometimes referred to as a 'final common pathway' [6, 10] . Persistent motion at the fracture site may hinder fracture healing and union, resulting in a sclerotic unfused spinal segment. Such a sclerotic spinal lesion can be compared with a hypertrophic pseudarthrosis of a long bone [5, 6, 10, 12, 16, [42] [43] [44] [45] .
Pseudarthrosis
In an attempt to summarise the available data on aetiology, three different groups may be recognised: (1) localised lesions that always have an inflammatory origin. (2) Extensive lesions without fractured posterior elements. These lesions result from a combination of inflammatory and mechanical factors (last mobile segment) and are always transdiscal and associated with unfused facet joints. (3) Extensive lesions with fractured posterior elements resulting from mechanical factors ((stress-) fracture) and may be located transdiscal or transvertebral. Lesions from groups 2 and 3 have a final common pathway and will both result in pseudarthrosis with the typical appearance of the (Fig. 1) . It might be questioned whether the first group of lesions should be considered as ALs since these lesions have a different aetiology, different mechanical consequences and may require different management.
History and clinical presentation
Patients with an AL are most commonly middle-aged males (63-86%), known with longstanding AS [7, 45, 46] . However, ALs may occur at any level and during every course of the disease. Cases of patients in whom the AL was the initial sign of AS have been reported [17] . The occurrence of an AL has also been described in an 11-year-old female patient [47] . The main complaint is progressive localised thoracolumbar pain or sharp localised pain preceded by a (minor) trauma [5, 9, 48] . Patients may also be asymptomatic, and the AL is discovered with routine radiological evaluation of the spine. Sometimes, patients may be unaware or already have forgotten a preceding trauma [7, 49] . Occasionally, radiculopathy and neurogenic intermittent claudication due to nerve root or myelum compression may be the presenting symptom [50] . The symptoms are aggravated by verticalisation and relieved by lying flat. Clinical investigation may reveal percussion tenderness on the affected spinal level [51] . A thoracolumbar kyphosis is often present and may show progression during follow-up. Kauppi stated: "If a bamboo spine starts to bend, something is wrong". In some patients, multiple lesions may be present or develop simultaneously, which can make diagnosis more difficult. Fever is not a sign of AL and should raise the suspicion for other potential conditions, such as infections. Kabasakal et al. tried to score the severity of the lesion on an empirical 0-10 scale, in which 1 is defined as suspicious change and 10 represents the end stage of the AL [11] . However, this scoring system has not been followed in literature.
Radiography
Conventional radiographs are the initial imaging study of choice. Plain radiographs are most reliable to determine the exact level of the lesion when the lowest rib is included in the image. Especially in AS patient presenting with localised pain after a trauma, a high index of suspicion is required [49] . Finkelstein et al. showed that a significant part of the spinal fractures is initially missed, allowing progression to pseudarthrosis [12] . The AL is revealed by osteolytic destruction with a surrounding zone of reactive sclerosis and vertebral osteophytes [9] . The spinal lesion can be confined to the vertebral body (transvertebral), through the disc space (transdiscal), or both (discovertebral) [36] . In transdiscal lesions, the disc space is conspicuously more radiolucent than its neighbour disc spaces which are fused. The lesions may be accompanied by fractures of the posterior elements, which generally can be exposed by lateral radiographs. An intervertebral vacuum phenomenon may be visible at the side of the lesion, and the disc space can be increased or narrowed. Angular kyphosis with or without spondylolisthesis in the AL is a regular prominent feature. In cases with a severe global thoracolumbar kyphotic deformity, the apex of the kyphosis is most often at the level of the AL (Figs. 2a and 3a) . Flexion and extension radiographs may show motion in some cases. These radiological features are not pathognomonic for ALs and may also be seen in septic spondylitis or spondylodiscitis. Dihlmann et al. state that AL can be differentiated radiologically from an inflammatory spondylodiscitis by the demonstration of a circumscribed defect in one or two neighbouring vertebral bodies with varying degrees of narrowing of the intervening disc space, angular kyphosis of the affected spinal segment and an area of reactive sclerosis in the vertebral cancellous bone surrounding the defect [24] .
Computed tomography imaging
Computed tomography (CT) imaging is superior to conventional radiographs in determining the extent of the lesion (Fig. 2b) . CT imaging of an AL shows irregular vertebral or discovertebral osteolysis with surrounding reactive sclerosis [52] . CT can always accurately demonstrate fractures of the posterior elements or non-fusion of the facet joints. In addition to conventional plain radiographs, CT imaging is more sensitive in demonstrating vacuum phenomena and paraspinal swellings. The transversal imaging is used to determine the presence, location, severity and nature of spinal stenosis. Chan et al. described 18 AS patients with 22 spinal pseudarthrosis, who underwent conventional radiography as well as CT imaging. In 77% of the lesions, CT imaging provided data that were missed on conventional radiography. Therefore, CT offers considerable contributory advantages over conventional radiography in diagnosing AL complicating AS [52] . However, CT scanning had the disadvantage of irradiation, which should be considered when choosing the appropriate imaging method.
Magnetic resonance imaging
Magnetic resonance imaging (MRI) is considered the best modality in visualising AL with the highest sensitivity [13, 39, 53] . Generally, reduced signal intensity of the disc space and surrounding vertebral bodies and increased signal intensity after enhancement with contrast medium is noticeable on T1-weighted images (Figs. 3c and 4a) . On T2-weighted images, increased signal intensity in the corresponding area is noticeable (Figs. 3d and 4b ). In addition, contrast-enhanced fat suppression imaging allows a better differentiation between fat and enhanced lesions. Considering a diagnosed AL of the spine in AS on plain radiographs and CT images, MR images can supplement information on anterior longitudinal ligament disruption, vertebral translation, abnormal dural enhancement, epidural lesions and spinal canal stenosis [39] . In addition, MRI is advised to evaluate spinal canal encroachment and the extent of changes in the dura, spinal cord, nerve roots, soft tissue and ligaments [13, 39, 53] . A decreased spinal canal can be observed caused by anterior and posterior extradural tissue resulting from hypertrophic ligamentum flavum and facet joints, as well as from hypertrophic callus formation of the anterior and posterior elements of the AL. Differentiation from infectious spondylitis and primary or metastatic tumours of the spine is possible if criteria such as morphology, extension of bone marrow oedema, contrast enhancement and signal intensity in the disc space on T2-weighted and fat suppression sequence are taken in consideration [53, 54] .
Bone scintigraphy
The use of both early and late bone scintigraphy can be used to identify AL complicating AS and to differentiate the lesion from infection. However, the literature, which describe the use of bone scintigraphy in patients with AS complicated by AL, is only scarce [8, 16, 46] . Focal areas of increased isotope retention in the late state of AS may identify the AL. In a prospective study of 63 patients with AS, Lentle et al. found evidence of a sterile diskitis in five patients [8] . Two of them were not recognised on radiographs and bone scintigraphy led to the diagnosis. Park et al. described 16 patients with a 'spinal pseudarthrosis' complicating AS [46] . The spinal lesion was confirmed with bone scintigraphy in all 16 patients. However, Arnold et al. described a case with an AL in longstanding AS in which bone scintigraphy did not demonstrate an increased uptake [16] .
Laboratory tests
The role of laboratory tests in patient with an AL is limited. Both erythrocytes sedimentation rate and C-reactive protein levels may be elevated in patients with ALs, but this is of little diagnostic value [5, 7, 10, 22, 47] . Both parameters are usually more associated with the involvement of peripheral joints [55] . White blood count and blood cultures are of no additional diagnostic value.
Histology
There is no indication for a biopsy in patients with AS suspected from an AL. However, tissue for histological examination might be obtained when surgical treatment is performed. The lesions have variable histological appearances discussed earlier (Table 2) .
Management
Conservative treatment is often the first step of treatment, but there are no trials available showing its optimal duration. Spontaneous relief of symptoms up to 3 years of conservative management has been reported, and the strategy should be adjusted to each individual patient. In the upper thoracic spine, the presence of an intact sternalrib complex provides stability and might prevent kyphosis, which was recently described as 'the fourth column' [56] . At the more mobile cervical and thoracolumbar levels, however, conservative management is less efficient. Stabilisation can be obtained by plaster immobilisation or Halo-jacket immobilisation. Despite a normal bone-healing capacity in AS patients, fusion of an extensive AL by plaster immobilisation is not likely [5, 10] . Even with long-term plaster immobilisation using a thoracolumbosacral orthosis with one hip included, minimal persistent motion at the AL may hinder fracture healing and union. Although plaster immobilisation or Halo-jacket immobilisation has been reported as a success in the treatment of acute fractures in AS [29] , there is no evidence suggesting successful recovery of AL in AS patients after a long time of immobilisation treatment. However, correction of a progressive cervical kyphotic deformity resulting from a cervical fracture can be achieved by immediate halo-jacket immobilisation followed by (gradual) correction by manipulation. The use of non-steroidal anti-inflammatory drugs during the active phases of the disease forms the mainstay of the pharmacological management of AS. Newer therapies that have been introduced, including anti-tumour necrosis factor-α therapy with infliximab, etanercept and adalimumab. There is no evidence that treatment with these drugs is also beneficial in the treatment of symptomatic AL. A rigorous exercise programme, as advocated in the treatment of AS, is contraindicated in patients with AL complicating AS [41] .
Surgery
Surgical treatment is indicated in patients with unbearable pain, progression of the symptoms, a progressive kyphotic deformity or neurological deficits. Surgical decompression, stabilisation and fusion form the mainstay of the surgical management of AL complicating AS (Fig. 3b) . The goal is both to decompress the spinal canal and to restore spinal stability facilitating healing and fusion of the spinal lesion. Numerous surgical techniques have been advocated, including instrumented and non-instrumented stabilisation through anterior, posterior or combined approach [57] . The surgical procedure depends on the localisation of the lesion, alignment of the spine, neurological deficit and the location of thecal sac compression [5, 10, 39] . In patients with a (progressive) thoracolumbar kyphotic deformity, posterior correction and fixation of the AL by an anterior opening wedge osteotomy [45] or a posterior transpedicular wedge resection osteotomy [58] may be considered.
Conclusions
In an attempt to structure the broad spectrum of Andersson lesions complicating AS, a provisory division in localised and extensive lesions can be used. Localised lesions are limited to certain parts of the intervertebral disc and always have an inflammatory origin. Extensive lesions affect the whole disc or vertebral body and may result from both mechanical and inflammatory factors. Aetiologies range from spinal (stress-) fractures to a local delay in the ankylosing process compared to adjacent levels, resulting in the last mobile segment. Regardless of the exact aetiology, mechanical factors in the ankylosed spine will prevent healing of extensive lesions and promote the formation of pseudarthrosis. Initially, plain radiographs should be performed. MRI scanning might be used for further evaluation, and in selected cases, CT scanning can be performed. At this time, bone scanning does not have a place in the analysis of Andersson lesions in AS. There is no consensus in literature regarding the management of these lesions and when surgical intervention should be performed. The mainstay of surgical treatment, however, consists of instrumentation and fusion, with the correction of a kyphotic deformity, when present. Since radiological appearance, mechanical consequences, prognosis and management in extensive lesions differ from localised lesions, it may be questioned whether the latter should be classified as Andersson lesions. The eponym Andersson lesion should be preserved to extensive lesions, which is actually a spinal pseudarthrosis and the final common pathway of several different aetiologies.
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